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摘要 
日本囊对虾是我国的重要养殖对虾品种之一，由于其体色艳丽、耐干露，能
够活体销售，故其销售价格较高，养殖利润空间较大。然而相较于其他常见的养
殖对虾品种，日本囊对虾的养殖技术还不够成熟，其养殖产量远远低于其他常见
养殖对虾品种，如南美白对虾、斑节对虾等。 
养殖密度是影响日本囊对虾养殖产量的一个重要因素。通过直接、间接的影
响日本囊对虾养殖个体的生长、存活。在实际养殖过程中，适宜的养殖密度既能
充分利用水体，也能减少日本囊对虾养殖过程中因环境恶化而暴发疾病的概率，
反之，过高、过低的养殖密度不仅不能有效的提升养殖日本囊对虾的产量，也会
增加养殖风险、降低养殖利润。与此同时生物絮团技术在水产养殖上因其具有稳
定水质，补充饵料、提升养殖生物的产量等优点，在水产养殖的应用范围不断扩
大。为此我们采用生物絮团技术调控养殖水质，探讨日本囊对虾养殖密度对其生
长、存活、应激的相关研究。 
本文以日本囊对虾幼虾（初始平均体重 0.034±0.007g；初始平均体长
1.55±0.11cm；初始平均头胸甲长 0.42±0.065cm）为实验材料，根据实际养殖经
验设计了 5 个密度梯度组，A（低密度组）、B（中低密度组）、C（中密度组）、
D（中高密度组）和 E（高密度组），养殖密度分别为:20 尾/m3、40 尾/m3、80 尾
/m3、130 尾/m3、260 尾/m3，每个密度梯度有三个平行对照组，共计 15 个养殖
池。为此本文以生物絮团养殖条件为切入点，研究了养殖密度对养殖日本囊对虾
的影响主要包括三大结果： 
1、日本囊对虾养殖期间水质的波动情况 
在生物絮团养殖条件下，日本囊对虾养殖期间的养殖水体中，主要水质因子
都保持在日本囊对虾适宜生长范围之内，具体表现为：各个养殖密度组别养殖水
体的温度、pH 随养殖时间的变化、没有明显的波动情况，温度保持在 28.2±0.3℃
左右；pH 保持在 7.9±0.1。盐度随着养殖时间略有下降，最低时达到 25‰，其主
要原因是养殖期间某个时期连续降水，导致沿海海水盐度略有下降；氨氮、亚硝
酸盐在养殖期间的总体变化趋势较为一致，具体表现为：先升后降，然后保持相
对平稳，其峰值分别为：0.30 mg/L 和 2 mg/L。综上所述，实验期间主要水质因
子都处于日本囊对虾适宜生活范围之内，且在不同养殖密度组别之间无显著性差
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异（P＞0.05）。 
2、养殖密度对日本囊对虾生长性状、存活、断须的影响 
在养殖期间，日本囊对虾的体长、体重、头胸甲长都表现出随着养殖密度的
增加而逐渐降低，且差异性显著（P＜0.01），并且养殖密度对日本囊对虾的存活
率、触角断裂也产生了显著影响，随着养殖密度的增加，其存活率下降明显（P
＜0.05），实验结束时，各养殖密度组别日本囊对虾的存活率分别为：35%(E)、
54% (D)、54% (C)、 65% (B) 和 85% (A)；随着养殖密度的增加，其触角
断裂率上升明显（P＜0.05），实验结束时，各养殖密度组别日本囊对虾触角断裂
的概率分别为：76%(E)、74% (D)、53% (C)、 12% (B) 和 7% (A)。 
3、触角断裂对日本囊对虾应激相关基因表达的影响 
    在经过 2 个月的养殖密度实验，密度的慢性胁迫与触角断裂对日本囊对虾相
关应激基因的表达具有明显的差异，具体表现为： 
（1）热休克蛋白：养殖密度与触角断裂对日本囊对虾三种热休克蛋白（HSP60、
HSP70、HSP90）都具有显著地影响，均表现出随着初始养殖密度的增加，热休
克蛋白的相对表达量都会有所增加，且触角断裂（D）个体中 HSP 的表达量都显
著高于触角完整（W）个体（P＜0.05）。其中相较于其余两种热休克蛋白，HSP70
在日本囊对虾的相对表达量较大，且对于触角断裂引起的基因表达差异较为明
显，触角断裂个体与触角完整个体之间的基因表达也最为明显。 
（2）氧化应激：养殖密度与触角断裂对日本囊对虾三种氧化应激相关基因的表
达具有明显的影响（P＜0.05），具体表现为 NADPH 的表达随着初始养殖密度的
增加而上调，且且触角断裂（D）个体中 NADPH 的表达量都显著高于触角完整
（W）个体；而两种 SOD 则表现出在触角断裂（D）个体中随着养殖密度的增
加而上调，在触角完整个体（W）中随着养殖密度的增加而下调。且在触角断裂
（D）NADPH 的上调幅度比 SOD 明显。在初始低密度组别中，NADPH 和 SOD
的表达都处在一个相对较低的水平，表明低密度养殖日本囊对虾，养殖个体受到
较少的应激。 
关键词：日本囊对虾；养殖密度；水质；生长；应激 
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Abstract 
Marsupenaeus japonicus is most important shrimp in China. Because of gorgeous 
color, endurance of drying, they are usually sold by high price with living. However, 
contrast to other common shrimp, for example Litopenaeus Vannamei and Penaeus 
monodon, the unit production of M. japonicus is lower.  
   Stocking density is one of the most factors to affect the unit production of M. 
japonicus, and the growth and survival of M. japonicus are influenced by stocking 
density directly or indirectly. In actual farming shrimp, the suitable density can not 
only make full use of the water, but also reduce the rate of disease outbreaks due to 
environmental degradation. On the other hand, the too high or low stocking density 
can reduce the unit production, but also increase the risk of farming and reduce the 
profits of farming. Because of many advantages of biological floccules technology, 
stabilizes water quality, supplements bait and increase unit production, we study the 
suitable stocking density of M. japonicus under the environment of biological 
floccules. 
   The experimental materials of this study are juvenile shrimp of M. japonicus 
(initial average weight, initial average body length and initial average carapace length 
are 0.034±0.007g, 1.55±0.11cm and 0.42±0.065cm respectively) and five density 
gradients are designed: A(20/m3), B(40/m3), C(80/m3), D(130/m3) and E(260/m3). 
Every density has three experimental ponds and there are 15 experimental ponds 
totally. So we study the effects of stocking density on M. japonicus under the 
condition of biological floccules. The three results are as follows: 
1. The fluctuation of water factors under the condition of biological floccules: 
The changes of water factors under the condition of biological floccules in 
different density groups are not significant, and the water temperature and pH keep 
about 28.2±0.3  and 7.9±0.℃ 1 respectively. The salinity is decrease during farming 
period until reach to 25‰, due to continuous rainfall in summer season. At the same 
time, the changes of ammonia nitrogen and nitrite tend to be consistent, and in the 
first two weeks, the concentrations of ammonia nitrogen and nitrite increase rapidly 
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until reach to 2 mg/L and 0.30 mg/L respectively. During 60 days experiment span, all 
water factors always keep suitable range for M. japonicus, and have no navigate 
effects on farming M. japonicus.   
2. The effects of stocking density on growth characteristics, survival and antenna 
injured in M. japonicus: 
   During experiment, the weight, body length and carapace length efficiency 
decrease as the density increaser, and stocking density has significant effect on 
survival and antenna injured (P＜0.05）. In the end of this experiment, the survival 
rates of M. japonicus in different densities are 35%(E), 54% (D), 54% (C), 65% (B) 
and 85% (A) respectively, and the antenna injured rates of M. japonicus in different 
densities are 76% (E), 74% (D), 53% (B), 12% (C) and 7% (A). 
3. The effects of antenna injured on stress-related genes expression in M. japonicus: 
(1) Heat Shock Protein, HSP: the stocking density has significant effect on gene 
expression of three HSPs (HSP60, HSP70 and HSP90) (P＜0.05), and the expression 
of three HSP increase as the density increaser. And furthermore, the expression of 
three HSPs in M. japonicus with antenna injured (D) is higher than antenna unbroken 
(W). Contrast to HSP60 and HSP90, the relative expression level of HSP70 is much 
higher. This result shows that HSP70 is more sensitive when M. japonicus is suffered 
from density stress. 
(2) Oxidative Stress: the antenna injured has significant effect on relative expression 
of three genes about oxidative stress (P ＜ 0.05). The relative expression of 
nicotinamide adenine dinucleotide phosphate (NADPH) increase as the density 
increaser and it's relative expression in M. japonicus with antenna injured is higher 
than antenna unbroken organisms. However, two Superoxide dismutases (MnSOD 
and Cu-ZnSOD) show different trends in antenna injured and antenna unbroken 
individuals. in antenna injured individual, the relative expression of SOD increase as 
the density increase, however, in antenna unbroken individual, the relative expression 
of SOD decrease as the density increase, and the increasing trend of NADPH 
expression is higher than SOD. Moreover, in low stocking density group, the relative 
expressions of NADPH and SOD at lower level and it suggest that M. japonicus was 
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